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(54) PRODUCTION OF COPOLYMER FOR CHEMICAL AMPLIFICATION TYPE RESIST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a copolymer used as a resin for a resist of 
a chemical amplification type composition having extremely high sensitivity. 

SOLUTION: This method for producing a resin for a resist feathers carrying out polymerization by 
combinedly using at least one kind of chain transfer agent selected from compounds of the formula R-SH (R 
is a 1-20C saturated aliphatic hydrocarbon group) and a polymer initiator, in a method for producing a 
copolymer used as the resin for the resist changing solubility in an alkali by the action of an acid. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages Gaused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of resin for resist which is a manufacturing method of a copolymer used 
as resin for resist from which solubility over alkali changes with operations of acid, and is characterized by 
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polymerizing using at least one sort of chain transfer agents which use together with a polymerization 
initiator and are chosen from following formula (I). 
R-SH (I) 

(R expresses a saturated-aliphatic-hydrocarbon group of the carbon numbers 1-20 among a formula.) 
[Claim 2]A manufacturing method of the copolymer according to claim 1 being an acrylic copolymer 
produced by said copolymer polymerizing a monomer which has an alicyclic skeleton, and other monomers. 
[Claim 3]A manufacturing method of the copolymer according to claim 1 being an acrylic copolymer 
produced by said copolymer polymerizing a monomer which has a lactone skeleton, and other monomers. 
[Claim 4]A manufacturing method of the copolymer according to claim 1 being an acrylic copolymer 
produced by said copolymer polymerizing a monomer which has an alicyclic skeleton, and a monomer which 
has a lactone skeleton. 

[Claim 5]A monomer which it has said alicyclic skeleton Cyclohexyl (meta) acrylate, Isobornyl (meta) 
acrylate, adamanthyl (meta) acrylate, A manufacturing method of the copolymer according to claim 2 or 4 
being at least one sort chosen from a group which consists of a derivative which has a substituent on 
tricyclo deca nil (meta) acrylate, dicyclopentadienyl (meta) acrylate, and an alicyclic ring of these monomers. 
[Claim 6]Acrylate in which a monomer which has said lactone skeleton has delta-valerolactone ring (meta), 
A manufacturing method of the copolymer according to claim 3 or 4 being at least one sort chosen from a 
group which consists of acrylate which has a gamma-butyrolactone ring (meta), and a derivative which has 
a substituent on a lactone ring of these monomers. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the copolymer used for micro 

processing suitably for the useful constituent for chemical amplification type resist. 

[0002] 

[Description of the Prior Art]In recent years, in the field of micro processing in manufacture of a 
semiconductor device or a liquid crystal element, minuteness making is progressing quickly by progress of 
the lithography technology. Generally as the technique of the minuteness making, the short wavelength 
formation of the exposure light source is used, and it has been changing from the ultraviolet rays specifically 
represented by the conventional g line and i line to DUV as a light source used. Now, a KrF excimer laser 
(248 nm) lithography technology is going to be introduced into a commercial scene, and also the ArF 
excimer laser (193 nm) lithography technology which attained short wavelength formation is going to be 
introduced. As a light source with short wavelength, an F 2 excimer laser (157 nm) or X-rays, an electron 
beam, etc. are studied energetically. 

[0003]As resist of high resolution to the light source of such short wavelength, "chemical amplification type 
resist" is advocated by the International business machine (IBM) company, and improvement and 
development of this chemical amplification type resist are furthered energetically now. 
[0004]The resin used for resist by the short wavelength formation of a light source is also obliged to the 
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structural change. Although what protected high polyhydroxy styrene of transparency and its hydroxyl 
group with the dissolution control group of acid dissociation nature against 248 nm is used in KrF excimer 
laser lithography, In ArF excimer laser lithography, since it is [ that transparency is insufficient and ] almost 
unusable in 193 nm in these resin, in 193 nm, transparent acrylic resin or cycloolefin system resin attracts 
attention. As acrylic resin, JP,4-39665,A, JP,10-207069,A, etc. are mentioned and JP,10-153864,A etc. are 
mentioned about cycloolefin system resin. 

[0005]As for the reaction mechanism of chemical amplification type resist, if light is irradiated by the 
photo-oxide generating agent blended into resist, it will be generated by acid, and the solubility of resin 
changes with the acid. For example, by attaching to resin the protective group from which it is desorbed 
with acid, a protective group is desorbed only from an exposure part and the solubility to a developing 
solution changes a lot. Generally, by heat-treating after exposure, diffusion of acid in resist is promoted and 
very high sensitivity can be taken out as compared with the conventional resist. 

[0006]However, in order to raise productivity further, or in order to reduce the damage to an optical system, 
shortening of much more exposure time is called for. For that purpose, the photopolymer known 
conventionally is still efficiently insufficient, and higher sensitivity is called for. 
[0007] 

[Problem(s) to be Solved by the Invention]This invention is made in view of such a conventional problem, 
and is a thing. 

the purpose — it is providing the manufacturing method of the copolymer used as resin for resist of a 

chemical amplification type resist composition. 

[0008] 

[Means for Solving the Problem]This invention is a manufacturing method of a copolymer used as resin for 
resist from which solubility over alkali changes with operations of acid, It is related with a manufacturing 
method of resin for resist polymerizing using at least one sort of chain transfer agents which use together 
with a polymerization initiator and are chosen from following formula (I). 
[0009] R-SH (I) 

(R expresses a saturated-aliphatic-hydrocarbon group of the carbon numbers 1-20 among a formula.) 
As a result of examining wholeheartedly a manufacturing method of resin used for a resist composition, this 
invention persons by using a suitable chain transfer agent with a polymerization initiator in the case of 
manufacture, Sensitivity of resist final with not expecting at all in addition to advantages, like that the 
amount of initiators can be lessened at the time of composition of a copolymer of low molecular weight and 
molecular weight distribution can be made small found out improving very greatly, and it resulted in this 
invention. 

[0010]An acrylic copolymer produced by said copolymer polymerizing a monomer which has a (b) alicyclic 
skeleton, and other monomers in this invention, (**) It is preferred that they are either an acrylic copolymer 
produced by polymerizing a monomer which has a lactone skeleton, and other monomers, or an acrylic 
copolymer produced by polymerizing a monomer which has a (**) alicyclic skeleton, and a monomer which 
has a lactone skeleton. 
[0011] 

[Embodiment of the Invention]In this invention, at least one sort of chain transfer agents which use together 
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with a polymerization initiator and are chosen from said formula (I) are used, the radical polymerization of 
the mixture of a monomer is carried out, and the target copolymer is obtained. 

[0012]First, the polymerization initiator used for this invention generates a radical efficiently with heat, and 
if it is a compound which can polymerize a monomer, limitation in particular will not be carried out. 
[0013]Specifically The ketone-peroxides; 1,1 -screws (t-hexyl peroxy) 3 and 3, such as methyl ethyl ketone 
peroxide and cyclohexanon peroxide, 5-trimethylcyclohexane, Peroxy ketals, such as 1,1-bis(t-hexyl 
peroxy)cyclohexane, ;P - menthonaphtene hydroperoxide, Hydroperoxide or dialkyl peroxide, such as 
2,5-dimethyl- 2,5-bis(tert-butyl peroxide)hexane; Isobutyryl peroxide, Diacyl peroxide;1, such as 
3,5,5-trimethylhexanoyl peroxide, 1, 3 and 3, - tetramethyl butylperoxy neodecanate, Peroxy ester species, 
such as t-hexyl peroxy neodecanate; Di-n-propyl peroxi dicarbonate, Peroxi dicarbonate, such as 
diisopropyl peroxi dicarbonate; azo compounds, such as azobisisobutyronitrile and 
dimethyl-2,2'-azobisisobutyrate, are raised. 

[001 4]In the case of resin for lithography using the light source of short wavelength, such as an ArF excimer 
laser, when it is more desirable for the above-mentioned initiator not to have an aromatic ring in structure 
and the safety at the time of a polymerization, etc. are taken into consideration in consideration of the light 
transmission, a not less than 60 ** thing is preferred [ the initiator ] for 1 0 hour half life period temperature. 
[0015]In the chain transfer agent expressed with R-SH (formula (I)), as a saturated-aliphatic-hydrocarbon 
group of the carbon numbers 1-20 of R, Straight chain shape, branched state, annular, and they may 
combine with another side as a substituent like straight chain shape or a branched state alkyl group, a 
cycloalkyl group, an alkyl group substitution cycloalkyl group, and a cycloalkyl group substituted alkyl group. 
[0016]As a desirable thing, specifically 1-butanethiol, 2-butanethiol, 1-octanethiol, 1-decanethiol, 
1-tetradecanethiol, a cyclohexane thiol, 2-methyl-1 -propanediol, 2-methyl-2-propanethiol, etc. are raised. 
[0017]Since a polymerization is stabilized in the chain transfer agent used by this invention since all do not 
contain polar groups, such as a carboxyl group and a hydroxyl group, and the aromatic ring is not contained, 
Even if it uses for manufacture of resin for lithography using the light source of short wavelength, such as an 
ArF excimer laser, the light transmission is not reduced and the resist of high sensitivity is obtained. 
[0018]Since the solubility over alkali changes with operations of acid and alkaline development becomes 
possible, the copolymer in which the manufacturing method of this invention using above polymerization 
initiators and chain transfer agents is applied is used as resin for resist. 

[0019]When it has this invention as a protective group by the basis which is easy to be desorbed from an 
alkali compatibility group with acid, it could manufacture by the radical polymerization and the copolymer is 
used as resin for resist even if it applies to manufacture of what kind of copolymer, sensitivity Hitoshi 
Kougami's effect is acquired. 

[0020]As an object for lithography with the wavelength of greater than 200 nm of an exposure light source, 
when the dry etching resistance of resist, etc. are taken into consideration, the copolymer of structure 
which protected the hydroxyl group of hydroxystyrene by t-butyloxy carbonyl group etc. is preferred. 
[0021]The wavelength of an exposure light source as an object for lithography of 200 nm or less, When the 
light transmission of resin is taken into consideration, a thing without an aromatic ring is preferred and the 
acrylic copolymer produced by polymerizing the monomeric mixture containing at least one side of the 
monomer which has an alicyclic skeleton, and the monomer which has a lactone skeleton is preferred. 
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[0022]The acrylic copolymer produced by polymerizing the monomer which has a (b) alicyclic skeleton 
especially, and other monomers, (**) The acrylic copolymer produced by polymerizing the monomer which 
has a lactone skeleton, and other monomers, Or it is preferred that it is either of the acrylic copolymers 
produced by polymerizing the monomer which has a (**) alicyclic skeleton, and the monomer which has a 
lactone skeleton, The acrylic copolymer produced also in this by polymerizing the monomer which has a (**) 
alicyclic skeleton, and the monomer which has a lactone skeleton is the most preferred. 
[0023]The monomer which has an alicyclic skeleton used here can give transparency and high dry etching 
resistance to the copolymer produced by polymerizing, and its resin composition. The thing containing the 
protective group (alicyclic groups may be a protective group directly.) from which it is desorbed especially 
with acid can give the high sensitivity at 193 nm. 

[0024]As a monomer which has an alicyclic skeleton, the acrylic ester which contains an alicyclic skeleton 
in an ester part (meta) is preferred. For example, cyclohexyl (meta) acrylate, isobornyl (meta) acrylate, 
Adamanthyl (meta) acrylate, tricyclo deca nil (meta) acrylate, What is chosen from the group which consists 
of a derivative which has substituents, such as an alkyl group, a carboxyl group, and hydroxyl, on 
dicyclopentadienyl (meta) acrylate and the alicyclic ring of these monomers is preferred. Specifically, 
1-ISOBO nil methacrylate, 2-methacryloyloxy 2-methyladamantan, cyclohexyl methacrylate, adamantyl 
methacrylate, tricyclo deca nil methacrylate, dicyclopentadienyl methacrylate, etc. are mentioned. The 
monomer which has an alicyclic skeleton is only a kind, or can be used combining two or more sorts if 
needed. 

[0025]The monomer which has a lactone skeleton used here gives the adhesion over a substrate to the 
copolymer produced by polymerizing, and its resin composition. The thing containing the protective group 
(the lactone group may be a protective group directly.) from which it is desorbed especially with acid can 
give the high sensitivity at 193 nm. 

[0026]As a monomer which has a lactone skeleton, the acrylic ester which contains a lactone skeleton in an 
ester part (meta) is preferred. For example, what is chosen from the group which consists of the acrylate 
which has delta-valerolactone ring (meta), acrylate which has a gamma-butyrolactone ring (meta), and a 
derivative which has substituents, such as an alkyl group, a carboxyl group, and hydroxyl, on the lactone ring 
of these monomers is preferred. Specifically A beta-methacryloyloxy beta-methyhdelta-valerolactone, 
beta-methacryloyloxy gamma-butyrolactone, beta-methacryloyloxy beta-methyl-gamma-butyrolactone, 
alpha-methacryloyloxy gamma-butyrolactone, and 2-(1-methacryloyloxy) ethyl-4-swine NORIDO etc. are 
mentioned. The monomer which has a lactone skeleton is only a kind, or can be used combining two or more 
sorts if needed. 

[0027]When it is above-mentioned (b) or (**), as the monomer which has the monomer or lactone skeleton 
which has these alicyclic skeletons, and "other monomers" by which copolymerization is carried out, Methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, t-butyl methacrylate, ethoxyethyl methacrylate, a 
maleic anhydride, methacrylic acid, hydroxyethyl methacrylate, etc. can be mentioned. 
[0028](b) In the case of the acrylic copolymer produced by polymerizing the monomer which has an alicyclic 
skeleton, and other monomers, it is preferred that the monomeric unit which has an alicyclic skeleton as 
copolymer composition is included in the 40-60-mol% of range. 

[0029](**) In the case of the acrylic copolymer produced by polymerizing the monomer which has a lactone 
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skeleton, and other monomers, it is preferred that the monomeric unit which has a lactone skeleton as 
copolymer composition is included in the 40-60-mol% of range. 

[0030](**) In the case of the acrylic copolymer produced by polymerizing the monomer which has an 
alicyclic skeleton, and the monomer which has a lactone skeleton, the monomeric unit which has a lactone 
skeleton has the preferred 40-60-mol% of range of the whole monomeric unit. Since the balance of dry 
etching resistance, the adhesion to a substrate, sensitivity, and resolution will become good if the average 
copolymerization composition of the monomer which has a lactone skeleton is within the limits of this, By 
applying this invention to manufacture of this copolymer, the resist composition which was most excellent in 
the performance can be obtained, without spoiling sensitivity and resolution. 

[0031](b) - although limitation in particular is not carried out, when dry etching resistance and resist shape 
are taken into consideration, 1,000 or more are preferred, and when the weight average molecular weight of 
the acrylic copolymer of (**) takes into consideration the solubility and resolution to a resist solvent, 
100,000 or less are preferred [ weight average molecular weight ]. 

[0032]In the manufacturing method of this invention, the copolymer used as resin for resist is obtained by 
carrying out the radical polymerization of the mixture of the monomer which constitutes the 
above-mentioned copolymer using an above-mentioned polymerization initiator and chain transfer agent. 
[0033]As this polymerization method, generally, solution polymerization is preferred and what is called the 
dropping polymerizing method that trickles beforehand the monomer solution made to dissolve a monomer 
and a polymerization initiator in an organic solvent as a simple manufacturing method into the organic 
solvent held to constant temperature is preferred. 

[0034]As an organic solvent used for this dropping polymerizing method, the solvent which can dissolve 
both a monomeric mixture a polymerization initiator and the copolymer obtained is preferred, for example, 
1,4-dioxane, isopropyl alcohol, acetone, a tetrahydrofuran, methyl isobutyl ketone, etc. are mentioned. 
[0035]Although the polymerization conditions at this time can be set up suitably, about polymerization 
temperature, the range of 50-150 ** is usually preferred, as for drop time, being dropped slowly is preferred, 
for example, it is about 6 hours or more preferably for 2 hours or more. Furthermore, in order that after the 
end of dropping may complete a polymerization, it is preferred to hold the temperature as occasion demands, 
for example, it holds the temperature preferably for about 2 hours for 0.5 hour or more. 
[0036]Next, after diluting the copolymer solution which polymerized in this way with good solvents, such as 
a tetrahydrofuran and 1,4-dioxane, to suitable solution viscosity, it is dropped into a lot of poor solvents, 
such as methanol and water, and is deposited. Then, the acrylic copolymer used for this invention can be 
obtained by a ** exception fully drying the sludge. Although there is also an unnecessary thing by a case, 
this reprecipitation process is dramatically effective in order to remove the unreacted monomer which 
remains in a polymerization solution, or a polymerization initiator. If it can do, it is more desirable to remove, 
since it may have an adverse effect on resist performance if these unreacted materials remain as it is. 
[0037]Thus, a chemical amplification type resist composition (solution) can be obtained using the obtained 
copolymer by making it dissolve in a solvent with a photo-oxide generating agent. 

[0038]There is no restriction in particular about the photo-oxide generating agent used here, and it can 
choose arbitrarily out of a thing usable as an acid generator of a chemical amplification type resist 
composition. Specifically, an onium salt compound, a sulfonimide compound, sulfone compounds, a sulfonic 
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acid ester compound, a quinone diazide compound, a diazomethane compound, etc. are mentioned. 
Especially, an onium salt compound is preferred, for example, can mention sulfonium salt, iodonium salt, 
phosphonium salt, diazonium salt, pyridinium salt, etc. As an example, triphenylsulfonium triflate, 
triphenylsulfonium hexafluoroantimonate, Triphenylsulfonium naphthalene sulfonate, benzyl(hydroxyphenyl) 
methyl sulfonium toluenesulfonate, Diphenyliodonium triflate, diphenyliodonium pyrene sulfonate, 
diphenyliodonium dodecylbenzene sulfonate, diphenyliodoniumhexafluoroantimonate, etc. can be mentioned. 
[0039]A photo-oxide generating agent is independent, or can mix and use two or more sorts. Although the 
amount of the photo-oxide generating agent used is suitably selected by the kind of selected photo-oxide 
generating agent, it is usually 0.5 to 10 weight section especially preferably 0.1 to 20 weight section per 
copolymer 100 weight section. In this case, the amount of the photo-oxide generating agent used in less 
than 0.1 weight sections. There is a possibility of spreading unevenness arising when applying a constituent, 
if there is a possibility that it may become difficult to make the chemical reaction by the catalysis of the 
acid by which it was generated by exposure fully occur and 20 weight sections are exceeded, or generating 
SCUM etc. at the time of development. 

[0040]Although it is arbitrarily chosen according to the purpose, it is preferred to choose in consideration of 
the other reason, for example, the homogeneity of a coat, appearance, or safety at the same time the 
solvent used takes into consideration the solubility of a copolymer and a photo-oxide generating agent. As a 
solvent which fulfills these conditions, ethyl lactate, propylene-glycol-monomethyl-ether acetate, 
cyclohexane, a jig lime, etc. are mentioned, for example. 

[0041]Various additive agents, such as a surface-active agent, a sensitizer, an antihalation agent, 
preservation stabilizer, and a defoaming agent, may be blended into a resist composition (solution) if needed. 
[0042]Thus, in order to form a resist pattern using the obtained resist composition (solution), after applying 
to predetermined thickness on a substrate by publicly known application means, such as a spin coat, and 
performing a drying process suitably, it exposes with a predetermined light source. After exposure, after 
performing after-exposure bake as occasion demands, a predetermined pattern is obtained by developing 
negatives with an alkali developing solution. Since the resist composition of this invention is transparent to 
193 nm, it is possible to use an ArF excimer laser as a source of exposure, moreover the adhesion to high 
sensitivity and a good dry etching resistance and good substrate is shown, and a resist pattern with good 
shape is obtained with high resolution. 

[0043]The copolymer manufactured by the manufacturing method of this invention can be used not only for 
a chemical amplification type but for resist compositions, such as negative resist which used together a 
photopolymerization initiator and cross linking agents, such as polyfunctional (meta) acrylate. 
[0044] 

[Example]Hereafter, this invention is concretely explained based on an example. Especially a "part" means a 
"weight section" here, as long as there is no notice. 

[0045]Measurement of the physical properties of a copolymer was performed using the following methods. 
[0046]By the <weight-average-molecular-weight> gel permeation chromatography (GPC), it asked by 
poly-methyl-methacrylate conversion. Chloroform was used for the solvent. 

[0047]It asked by measurement of <average copolymerization composition [ of a copolymer ] (mol %)> 
1 H-NMR. Heavy chloroform was used for the solvent. 
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[0048]Evaluation of each resist was performed using the following methods. 

[0049]After exposing the resist film formed on the <sensitivity> silicon wafer, after-exposure bake was 
performed promptly, and it ranked second, developed negatives, rinsed and dried with the alkali developing 
solution, and the resist pattern was formed. The light exposure which forms a line and space pattern (last 
shipment=1/1) in 1/1 of line width was measured as sensitivity. 

[0050]The lower limit (micrometer) of the resist pattern resolved when it exposes with the <resolution> 
above-mentioned light exposure was made into resolution. 

[0051](Synthetic example 1) The temperature of the water bath was raised to 80 **, putting in and stirring 
20.0 copies of 1,4-dioxane under a nitrogen atmosphere in the flask provided with the nitrogen feed port, the 
agitator, the capacitor, and the thermometer. 29.3 copies of 2-methacryloyloxy 2-methyladamantan 
(abbreviation: MAdMA), 24.8 copies of beta-methacryloyloxy beta-methyl-delta-valerolactones 
(abbreviation: MLMA), The monomer solution which mixed 62.5 copies of 1,4-dioxane, 0.2 copy of 
azobisisobutyronitrile, and 1.5 copies of cyclohexane thiols is dropped into a flask over 6 hours with 
constant speed. 

Then, the temperature of 80 ** was held for 2 hours. 

Subsequently, the obtained reaction solution was diluted with the tetrahydrofuran twice [ about ], and it was 
dropped, agitating in about 10-times the amount methanol, and precipitate of a white sludge (copolymer 
A-1) was obtained. The ** exception carried out obtained precipitate and it dried at 60 ** under 
decompression for about 40 hours. 

[0052]The weight average molecular weight of the obtained copolymer A-1 was 10,000, and the 
copolymerization composition ratio was MAdMA/MLMA= 51/49-mol %. 

[0053](Synthetic example 2) Except having changed 1.5 copies of cyclohexane thiols into 1.5 copies of 
1-octanethiol, it compounded like the synthetic example 1 and the copolymer A-2 was obtained. 
[0054]The weight average molecular weight of the obtained copolymer A-2 was 11,000, and the 
copolymerization composition ratio was MAdMA/MLMA= 50/50-mol %. 
[0055](Synthetic example 3) Except having changed 24.8 copies of beta-methacryloyloxy 
beta-methyl-delta-valerolactones (abbreviation: MLMA) into 21.2 copies of beta-methacryloyloxy 
gamma-butyrolactone (abbreviation: HGBMA), it compounded like the synthetic example 1 and the 
copolymer A-3 was obtained. 

[0056]The weight average molecular weight of the obtained copolymer A-3 was 10,000, and the 
copolymerization composition ratio was MAdMA/HGBMA= 50/50-mol %. 
[0057](Synthetic example 4) Except having changed 24.8 copies of beta-methacryloyloxy 
beta-methyl-delta-valerolactones (abbreviation: MLMA) into 21.2 copies of beta-methacryloyloxy 
gamma-butyrolactone (abbreviation: HGBMA), it compounded like the synthetic example 2 and the 
copolymer A-4 was obtained. 

[0058]The weight average molecular weight of the obtained copolymer A-4 was 11,000, and the 
copolymerization composition ratio was MAdMA/HGBMA= 50/50-mol %. 

[0059](Example 1 of comparison composition) A chain transfer agent was not used together, but it 
compounded like the synthetic example 1 using 1.9 copies of azobisisobutyronitriles, and the copolymer A-5 
was obtained. 
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[0060]The weight average molecular weight of the obtained copolymer A-5 was 12,000, and the 
copolymerization composition ratio was MAdMA/MLMA= 51/49-mol %. 

[0061](Example 2 of comparison composition) Except having changed 24.8 copies of beta-methacryloyloxy 
beta-methyl-delta-valerolactones (abbreviation: MLMA) into 21.2 copies of beta-methacryloyloxy 
gamma-butyrolactone (abbreviation: HGBMA), it compounded like the example 1 of comparison composition, 
and the copolymer A-6 was obtained. 

[0062]The weight average molecular weight of the obtained copolymer A-6 was 11,000, and the 
copolymerization composition ratio was MAdMA/HGBMA= 50/50-mol %. 

[0063](Examples 1-4 and comparative examples 1-2) After mixing each ingredient shown in Table 1 and 
considering it as a homogeneous solution, it filtered with the membrane filter with the aperture of 0.1 
micrometer, and the resist composition solution was prepared. Then, after carrying out the spin coat of the 
class product solution on a silicon wafer, using the hot plate, prebaking was performed for 60 seconds at 1 20 
**, and the resist film of 0.5 micrometer of thickness was formed. Subsequently, after exposing using an ArF 
excimer laser exposure machine, after-exposure bake was performed for 60 seconds at 120 ** using the 
hot plate. Subsequently, negatives were developed at the room temperature using tetramethylammonium 
hydroxide solution 2.38% of the weight, it washed and dried with pure water, and the resist pattern was 
formed. The evaluation result of the obtained resist pattern is shown in Table 2. 
[0064] 
[Table 1] 
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Thus, it turns out that sensitivity improves substantially in the example of this invention, and resolution is 

also improving. 

[0066] 
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[Effect of the Invention]If the copolymer obtained by the manufacturing method of this invention is used as 
resin for resist, a chemical amplification type resist composition with dramatically high sensitivity and good 
resolution can be obtained. By using this chemical amplification type resist composition, it is stabilized, a 
highly precise detailed resist pattern can be formed, and it can be used especially conveniently for micro 
processing, such as a semiconductor or a liquid crystal element. 

[0067]When copolymerization was performed using the monomer which has an alicyclic skeleton as a 
monomer component and it uses for resist, the copolymer in which transparency, dry etching resistance, 
and the characteristic outstanding in the point of the sensitivity especially at 193 nm are shown can be 
obtained. 

[0068]When copolymerization was performed using the monomer which has a lactone skeleton as a 
monomer component and it uses for resist, the copolymer in which the adhesion over a substrate and the 
characteristic which was excellent in resolution are shown can be obtained. 

[0069]When copolymerization was performed using the monomer which has the monomer and lactone 
skeleton which have an alicyclic skeleton as a monomer component and it uses for resist, the copolymer in 
which the good outstanding characteristic of the balance of the above-mentioned characteristic is shown 
can be obtained. 



[Translation done.] 
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